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ABSTRACT 


Progress  during  the  first  three  months  of  1970  is  reported.  The  mine 
preparation  was  completed  by  02  February.  Because  of  repeated  delays,  the 
mine  modification  subcontract  was  terminated  before  the  full  40  m  depth  was 
reached.  The  vertical  strain  seismometer  will  be  mounted  in  a  39-1/2  ft 
hole  -  16  ft  up  and  23-1/2  ft  down.  The  mine  has  been  inspected  and  approved 
by  the  Office  of  the  State  Mine  Inspector.  All  personnel  assigned  to  the 
project  assisted  in  the  installation  of  the  instruments  which  was  completed 
in  February.  Preliminary  recordings  have  led  to  several  conclusions.  The 
mine  must  be  sealed  to  attenuate  effects  of  air  pressure  fluctuations.  The 
strain  seismometers  must  be  insulated  to  achieve  optimum  performance.  A 
"curing  time"  of  some  duration  is  necessary  for  extreme  high-magnification 
operation.  Spurious  disturbances  resulting  from  disturbance  of  the  mine  during 
mine  modifications  and  installation  are  decreasing  with  time.  The  noise  back¬ 
ground  on  the  preliminary  recordings  is  not  electronic  instrument  noise.  The 
strain  seismographs  respond  well  to  earthquake  signals. 
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DEVELOPMENT  OF  LP  WAVE  DISCRIMINATION 
CAPABILITY  USING  LP  STRAIN  INSTRUMENTS 
Quarterly  Report  No.  7,  Project  VT/8706 


1.  INTRODUCTION 


This  report  discusses  the  progress  during  January,  February,  and  March,  1970, 
in  the  installation  and  preliminary  operation  of  long-period  (LP)  strain  and* 
inertial  seismographs  with  equivalent  magnification  and  response  characteristics . 
The  instruments  are  being  used  to  develop  techniques  for  discrimination  of  LP 
seismic  waves.  The  major  effort  on  each  task  of  the  Statement  of  Work  is 
discussed  in  separate  sections.  This  report  is  to  apprise  the  Proiect  Office 
of  the  current  status  of  Project  VELA  T/8706.  It  is  submitted  in  compliance 
with  Sequence  No.  A004  of  the  Contract  Data  Requirements  List,  Contract  F53657- 
69-C-0121. 


2.  DEVELOP  DESIGN  SPECIFICATIONS,  Task  a(l) 


This  task  has  been  completed. 


3-  DETERMINE  THE  MOST  EFFECTIVE  TECHNIQUE,  Task  a(2) 


This  task  has  been  completed. 


4-  DESIGN,  FABRICATE,  AND  TEST  LABORATORY  MODELS,  Task  b(l) 


This  task  has  been  completed. 

5.  DEVELOP  A  FINAL  ENGINEERING  MODEL  DESIGN,  Task  b(2) 
This  task  has  been  completed. 
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6 •  DESIGN  A  FIELD  TEST  INSTALLATION ,  Task  b(3) 


This  task  has  two  parts:  preparation  of  a  suitable  mine  and  design  of  the 
field  test  installation.  The  installation  design  was  completed  in  the  third 
quarter  of  FY  69.  The  preparation  of  the  mine  was  completed  on  02  February 


The  mining  contractor  repeatedly  failed  to  fulfill  his  promises  to  supply  labor 
to  expedite  completion  of  the  full  40  m  of  vertical  shaft.  Therefore,  a  ter¬ 
mination  agreement  was  made  in  mid-January.  A  total  depth  of  39-1/2  feet  is 
available  for  the  vertical  strain  seismometer.  Sixteen  feet  of  this  length  is 
up  and  23-1/2  feet  is  down.  Holes  have  been  drilled  in  one  wall  for  the  ver¬ 
tical  instrument.  During  January,  the  325  degree  azimuth  tunnel  was  cleaned 
out  where  the  hoisting  equipment  for  the  winze  was  mounted.  Two  sets  of 
parallel  mounting  holes  were  drilled  in  the  floor  of  this  tunnel  for  side-bv- 
Slde  comparative  tests.  The  second  set  has  fixed  anchor  points  at  one  end  of 
the  40  m  and  at  10  m  from  this  end.  There  are  also  two  possible  magnet  mount¬ 
ing  points  at  the  other  end  of  the  40  m  and  in  the  middle.  Therefore,  if 
initial  comparative  tests  at  the  40  m  length  indicate  testing  at  different 
length  strain  rods  would  be  advisable,  lengths  of  10,  20,  30,  or  40  m  are 
available  by  moving  one  or  both  end  anchors.  The  permanent  325  degree  azimuth 
strain  seismometer  is  anchored  in  competent  rock.  However,  the  second  parallel 
40  m  strain  seismometer  is  anchored  in  remineralized  fault  zones  at  each  end. 

Originally,  V  notches  were  to  be  blasted  for  recesses  for  the  ship's  doors  for 
the  air  pressure  seal.  However,  the  blasting  of  the  notches  could  not  be 
properly  controlled.  Too  light  a  charge  would  not  break  enough  rock  and  a 
slightly  heavier  charge  would  overbreak  and  open  up  cracks.  The  notches  were 
abandoned  for  recesses  that  were  in  the  old  workings  at  suitable  points.  After 
completion  of  the  winze  and  325  degree  azimuth  tunnel,  the  contractor  removed 
his  track,  water  lines,  and  air  lines.  He  completed  work  on  02  February. 

The  Arizona  State  Mine  Dust  and  Ventilation  Engineer,  representing  the  Office 
of  the  State  Mine  Inspector,  made  a  final  safety  inspection  of  the  mine  on 
65  February  1970.  In  a  letter,  he  states:  "I  made  a  thorough  examination 
and  found  everything  in  good  order,  no  loose  rocks,  no  explosives  of  any  kind, 
places  timbered  where  needed  and  the  place  cleaned  out  of  excess  rock,  timber’ 
and  debris."  ’  * 

This  task  has  been  completed  during  this  reporting  period. 
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7*  DESIGN,  FABRICATE,  AND  INSTALL  THE  FIELD  TEST  INSTALLATION,  Task  c(l) 
7.1  FABRICATE  INSTRUMENTATION 

The  fabrication  and  assembly  of  all  instrumentation  is  complete  except  for 
displacement  transducers  for  the  three  strain  seismometers. 


7.2  INSTALLATION  OF  THE  STRAIN/ INERTIAL  COMPLEX 


The  installation  of  the  instrumentation  was  completed  during  this  reporting 
period.  During  January,  installation  of  the  instrumentation  was  made  in 
parallel  with  the  mine  modifications.  During  February,  all  personnel  assigned 
to  the  project  were  at  the  mine  to  complete  the  installation  at  the  earliest 
possible  time.  The  three- component  short-period  (SP)  and  long-period  (LP) 
inertial  seismographs  had  previously  been  installed.  The  55-degree  azimuth 
strain  seismometer,  which  had  previously  been  assembled,  was  insulated  The 
325-degree  azimuth  permanent  strain  seismometer  was  installed  and  insulated. 

The  second  325-degree  azimuth  strain  seismometer  was  installed  and  was  operated 
without  insulation  for  two  weeks  for  comparison  to  an  insulated  seismometer. 

was  insulated  in  late  March.  Figure  1  was  taken  from  near  the  fixed  anchors 
of  the  two  325-degree  azimuth  strain  seismometers  looking  toward  the  transducers 
The  permanent  seismometer,  on  the  left,  has  been  covered  with  polyurethane 
insulation  After  the  picture  was  taken,  the  cracks  between  pieces  of  poly¬ 
urethane  and  the  adjustment  plates  were  further  insulated  with  fiberglass  The 
2- inch  outside  diameter  Invar  strain  rod  is  supported  from  the  Invar  triangle 
frames  by  three  Elinvar  wires.  Invar  was  used  for  its  low  coefficient  of 
thermal  expansion  and  Elinvar  has  a  low  thermal  coefficient  of  Young* s  modulus. 
Ihe  triangle  frames  are  bolted  to  an  Invar  adjustment  plate,  which  is  tied 
to  the  rock  floor  by  steel  bolts  and  expansion  shells.  Originally  1-foot 
long  expansion  bolts  were  to  be  used,  but  when  the  floor  was  drilled  it  was 
found  to  be  highly  fractured.  Therefore,  3-foot  long  bolts  were  used  to 
attach  the  frames  to  the  rock  and  the  strain  rod  anchor  and  the  magnet 
assemblies  are  tied  to  the  rock  with  6-foot  long  bolts. 


The  bottom  of  the  gallows  frame  over  the  winze  can  be  seen  at  the  left  of 
figure  1.  The  winze  goes  down  23-1/2  feet  from  the  floor  level.  This  length 
and  an  additional  16  feet  above  the  floor  will  be  used  for  the  vertical  strain 
seismometer  after  the  side-by-side  tests  are  completed.  Most  of  the  bolts  for 
the  support  of  the  vertical  seismometer  have  been  set,  so  that  they  can  sta¬ 
bilize  with  the  country  rock  while  the  side-by-side  tests  are  in  progress. 

Three  ship’s  doors  have  been  installed  to  provide  an  air  seal.  A  1/4-inch 
thick  steel  flange  was  cut  to  fit  the  opening  in  the  rock  and  was  welded  to 
tne  door  frame.  After  all  loose  rock  was  removed,  this  weldment  was  wedged 
in  position  and  the  bottom  was  cemented  in  place  as  shown  in  figure  2a.  Both 
sides  of  the  frame  were  then  bricked  to  provide  structural  support  and  an  air 
seal.  One  of  the  finished  doors  is  shown  in  figure  2b.  The  full  condulet 
shown  m  the  figure  has  about  40  cables.  Another  40  cables  has  been  run  in  a 
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Figure  1.  Side-by-side  325  degrc~  azimuth  strain  seismometers.  Permanent  seismometer  on  left  has  been 
partially  insulated.  Vertical  strain  seismometer  will  be  located  at  gallows  frame  on  left 
cf  figure.  G5551 
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second  condulet.  The  third  condulet  and  fourth  3- inch  pipe  coupling  are  spares. 
Power  is  in  a  1-1/2-inch  pipe  coupling  in  the  upper  left.  A  second  1-1/2-inch 
pipe  is  available  for  pressure  tests  and  pressure  relief  and/or  for  future 
power  additions. 

On  this  project,  a  new  concept  of  mounting  strain  and  LP  inertial  seismographs 
has  been  used  with  apparently  excellent  success.  All  connections  of  the  seis¬ 
mometers  to  the  native  rock  have  been  made  with  elastic  metal  in  the  form  of 
expansion  bolts.  Previous  installations  have  used  concrete.  Strain  seismometer 
anchors  have  been  attached  to  concrete  piers  and  the  strain  rods  have  been  sup¬ 
ported  from  wire  suspensions  hung  from  concrete  throughs  or  metal  standards 
mounted  in  concrete  piers.  Inertial  f.eismometers  have  been  mounted  on  concrete 
piers  or  on  the  concrete  bottom  of  a  sealed  metal  tank.  The  Project  VT/8706 
strain  seismometers  are  mounted  with  steel  expansion  bolts  into  the  wall  or 
floor  of  the  mine.  Each  of  the  LP  inertial  seismometers  is  resting  on  three 
small  steel  pads  screwed  to  the  top  of  expansion  bolts  inside  a  metal  tank. 


8.  CONDUCT  NOISE  AND  STABILITY  TESTS,  Task  c(2) 

During  the  instrument  installation,  some  preliminary  recordings  were  made  at 
night.  These  recordings  continued  to  indicate  that  the  final  installation  will 
be  an  outstanding  seismograph  station. 

These  preliminary  recordings  have  led  to  several  conclusions. 

a.  The  mine  must  be  sealed  to  attenuate  effects  of  air  pressure 
fluctuations.  Before  the  ship's  doors  were  installed,  the  strain  and  inertial 
seismograms  were  noisy  with  spikes  and  LP  fluctuations.  The  mine  was  apparently 
flexing  elastically  with  the  pressure  variations. 

b.  The  strain  pulses  from  the  recent  mining  activity  appeared  to 
decrease  with  time. 

c.  Before  the  55-degree  azimuth  and  the  325-degree  azimuth  strain  rods 
were  insulated,  but  after  the  mine  was  sealed,  large  air  convection  cells  within 
the  mine  caused  correlated  noise  on  both  strain  seismographs  and  on  the  horizon¬ 
tal  inertial  seismographs.  Visual  correlation  did  not  exist  after  the  seismo¬ 
meters  were  insulated;  also,  operating  magnifications  were  increased  markedly. 

d.  The  side-by-side  tests  also  clearly  indicated  that  insulation  is 
necessary.  The  operating  magnifications  on  the  insulated  strain  seismometer 
were  more  than  an  order  of  magnitude  larger  than  those  of  the  uninsulated 
seismometer. 
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Figure  3.  Calibration  signals:  25  sec,  S55L  input  is  0.834  x  10"9ra  AL  or  2.08  x  10*11  strain 
S325L1  input  is  4.75  x  10*9m  AL  or  1.19  x  10*1°  strain. 


MAGNIFICATION  (recofder/ '  L» 


PERIOD  (seconds) 


Figure  4.  Amplitude  response  S55L,  advanced  long-period  system  response 
with  6-sec  notch  filter.  Magnification  is  recorder  amplitude 
divided  by  differential  pier  motion. 
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RELATIVE  MAGNIFICATION 


Figure  5. 


Relative  amplitude  response  of  S55L  strain  seismograph  to  a 
travelling  wave  with  the  same  phase  velocity  at  all  periods. 
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9. 


ca\DUCT  preliminary  OPERATION  and  evaluate  instrument  PERFORMANCE,  Task  CC5) 


mine  ventilation  °Peration  was  Possible  during  the  mine  preparation  when  the 

at  nipht  when  blo';eys  were  n°*  needed  and  during  the  instrument  installation 
at  night  when  personnel  were  not  working  inside  the  mine. 

^pablnt^of^ho^  ".^^/^^"."arthquake  illustrates  some  of  the 
sealed,  only  the  55 -degree* aziL^st'ra^^^^  ^ 

“  ^ASA  ePlcenter  is  at  a  272-degree  azimuth  from  QC-AZ.  Figure  IS  shots 

itet’SS  recorded^on^the  ** 

n^i-nn  „  i,  .  uuiuontai  strain.  The  PP  wave  arrived  at 

0554.00  with  a  small  enhancement  on  the  difference  trace.  In  figure  11  the 

S  wave  arrived  at  0600:35  with  an  enhanced  small  SH  arrival  on  the  sunira^ 

and  some  cancellation  on  the  difference  trace  q  ,,  •  r  ii  n?  ,ace 

coupled  PL  to  about  0604.  At  0603:00,  the  PPS  pl^L  arrives  as  vj°“^  by  Shear 

on  tt  ddiff:r:nce  race-  sn  fi*«e  i2-  ^  : mr 

s™  trace  r  f!erence *raca  and  SSS  arfived  at  0612:18  as  an  SH  wave  on  the 
sum  trace.  In  figure  13,  the  LR1  Rayleigh  wave  had  driven  all  LP  traces  off 

P'5L^  •mde?hePH-«e  SUm  trace’  WhiCh  ShoWS  cancellation  compared  to  the  S55L  • 
arrivine^from  ^  ^  LR2  Raylel«h  Kave  the  major  arc 


1°.  OPERATE  THE  STRAIN- INERTIAL  SYSTEM,  Task  d(l) 


No  effort  was  devoted  to  this  task  during  this  reporting  period. 


11 •  DEVELOP  METHODS  OF  WAVE  DISCRIMINATION,  Task  d(2) 
No  effort  was  devoted  to  this  task  during  this  reporting  period. 

I 


-15- 


TR  70-17 


m 


Ot  •  M 

**  C 
o  « 


^  c  w 

O  03 


O 

too  f-i 

C  oJ  • 
•H  U  (N 
S 

O  0)  •> 

~c  x: 

V)  +j  LO 


3 

E  cr  - 

x  3- 

•H  4-i  . 

4h  H  l/> 
03 

§  0)  n 


4  C 

c 

JO 

c 


LLi 

o  § 

<  H  a 
gc  o  <r 
HOI 


-  ID 

>  m 


V 


F  7  I 

ftgg 

f ;  cfcj 


*  *  *  * 

00  !N  0>  H 

40  IT  r»!  irf 

O) 


_1 

m  _ 

le  <  5 


H  6  a  d=  £ 

<  d  ~  -J  i  - 

Q  ,  J  Ifl  .  -J 

n  r!  >0  v  H  m 


in  o  J  m  n  -i 

8  S  S  f  iff 


O  *  *  * 
w  •-  oj 
w  g  m  o 


25i; 


TR  70-17 


4 


r><; 


i  !  N 


s  ‘  > 
•*  *  .* 

v«  v 


s  l 


i  y** 

1  s 


4/ 

s. 


«  \ 

J) 

< 


-  I 

?  >  ‘ 


f  i 


TJ  XI 

q  6 


^  a! 

o  id 

\D 

O  X 
ft 

X  03 
03  G 
•H 

C  6 

>  *H 
CO  rH 
'  0) 
f-t 

CO  fX 

co 


10 

< 

co 

• 

4h 

< 

X 

O 

X 

+-> 

Q 

f—H 

E 

• 

•H 

> 

c 

N 

•H 

o 

o3 

in 

•rH 

in 

bO 

b(, 

03 

a> 

CD 

b0 

ud 

G3 

C 

10 

CM 

•H 

T) 

£ 

o 

§ 

CM 

X 

rH 

r 

10 

10 

bO 

h-H 

a> 

T3 

T3 

fH 

<D 

o 

c 

CT» 

o 

•H 

00 

a> 

X 

q 

O 

q 

II 

E 

o3 

O 

rH 

U 

•  H 

•» 

4h 

a> 

E 

i-  z 

«  2< 

cn  x£ 


5  >  >  ffi  Q 

oc  <  2  2  O 

IQ  §  I  2 


/  » 


5»  ->  S 

£  <  Sn  9 


* 

/ 

i 

• 

•  -  3 
•»  •? 

I 

c 

\  < 

J 

* 

* 

* 

* 

o 

X  X 

X 

0J 

r* 

CD 

w 

Ui 

r-  CO 

ps 

r*' 

in 

co 

00 

w 

0)  0) 

00 

o> 

& 

0) 

T- 

in  tj- 

CM 

<  <  i  <  2d  j  i  £  ~ 

i  g  i  g  I  a  g  |  s  ; 

**  w  ^  (/}  c.  Q.  Q.  Q.  Q.Q.CL 


"  #AW  ID  *-* 

2  nS  ^  o 


a*  ■  ■»  U#  T— 

Z  Q.  Q.  Q. 


-18- 


E  to 
i  c  to 

\Q  »H 
r-l  || 

CD 

X  X 
o3 

^  3  - 

o  crtu 

X 

C  4->  to 

o  u  . 

•rH  03  00 

+->  <d  to 

CJ  rH 

^  §  - 

o  z: 
q  e 

A  O  d’ 

cd  q  • 

0£  (N 


TR  70-17 


TRACE  AT  25  SEC 


to 

O  , 


G  CO  -H 
<D  <  N 
G  -J  G 
,<D 

<G  bO 

CG  •  <U 
m-J  C  T> 
T3  O 

■  H  CM 

G  W>r^ 
O  (D  (N 
DC 

•M  •> 

G  W  bO 

e>  -a  qj 


°  ,  C 


!  . 

\  ‘ 


:V  '•  ) 

'•  ■  K  J 

■  •  •  K  i 


Iff 


*.  '«  v 


<D  G  <3 

»rH 

CD  i-H  * 

>  O  E 
G  G  * 
■£  G 
U  to 


X  G 
G  -H  ■> 
DC  W 
<U 

M  tO 

pc  g  • 
►J  3  oo 

O'  LO 

box:  r-t 

■H  M  2 
5  CJ  * 

3 


T) 

h  E  N 
O  O  LO 

O  G  •• 
(D  <H  \£) 

G  to 

.  <U  LO 

e  o  o 

r-H  G 
:H  G  || 


<  £  <  S 


G  >" 
O  0C  < 
OXO 


Oifl  n  U) 
in  2  N  S 
<  l/l  Z  i  i 


Q 

o  nSJ 

2  1  0.  Q. 


-19- 


I  <Sl  Tj- 

v£> 

1-1  G  LO 
O 

G  n 

,  c 
<G  O  X) 
O  -H  E 


CL _ *  X  X 

b  JZ  Z  »-  00  CM 

E  b<  £  52  * 

m  x£ 

N‘  =G 


w  x  x  x 

w  «-  cj  r* 
W  q»  05  oo 
_  in  v  cm 


•M  <U  +J 
(JOG 

•§  S'a 

2  °  P 

&.TJ  G 

SS.5 


TR  70-17 


TRACE  at  25  SEC 


co 

o 


X 


T3 

S 

0) 

o 

Oj 

p 

p 


< 

co 

< 

x 


3 

E 

•H 

N 

nJ 

60 

0) 

TJ 


(/) 

c 

o 


(N 
•  r- 
C  Csi 

o 

•H  *v 

bo  O0 
I)  d) 
T3 


os 


c 

0) 

E 

d> 

o 

§ 

X 

3 

d> 


m  cr> 
X  oo 

3  || 

' — i 

(/)  <] 


<d 

> 

3 

2t 

X 

W) 


o 

!-i 

cti 

U 

d> 

X 


E 

X 

to 

to 


w 


•H  C  to 

a>  -h  . 


cti 

OS 


oo 

<L>  LO 


X 
aj 

3  - 

c rz 
x 

P  rj- 
P  . 
bo  al  (\i 
C  d> 


Csl 

a; 

x 


3: 

O 

X 

V) 

X 

P 

o 

o 

a) 

p 


I 

£ 

d) 

o 

rt 

P 


LO 
•  • 

\D 

to 

LO 

o 


E  p 


<p 


d> 

o 
.  c 
E  d) 
E  P 
i  o 
X  tp 
•p  <p 
•H 

rt  x) 


LO 


X 

E 


nJ 


‘P  C  P 
O  O  ctf 


O  X 


c 
o 

•H  -H  p 
P  P  al 

O  rt  c 
-5  1—1  ‘H 

U  h  c 

o 

p  _  .  . 

AC  d) 


d> 

o 


d>  nJ 
OS 


O  Ph 


di 

p 

3 

60 


TR  70-17 


-20- 


SPECIAL  REPORT 


A  special  technical  renort  fFi  y  cu 

to  summarize  the  instrumentation  comDlex''ob f  ^  bJ  has  becn  submitted 
and  preliminary  results.  After  -eceivin* tmT tlves •  deslgn .  installation, 
to  the  VELA  UNIFORM  security  review  ™  L  nty  f°r  P^Hoation  according 
National  Meeting  of  the  *nerica„  <^ysic^?0StL^S,!SSItC«^rttl,C 
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SUPPLEMENTARY  NOTES  12.  SPONSORING  MILITARy  ACTIVITY 

j  HQ  USAF  (AFTAC/VELA  Seismological 

J _ ___ _  Center),  Washington,  D.  C.  20333 

Il3  abstract  '  "  "  .  1  . . . 

1  Progress  during  the  first  three  months  of  1970  is  reported.  The  mine  preparation  was 
l  completed  by  02  February.  Because  of  repeated  delays,  the  mine  modification  sub¬ 
contract  was  terminated  before  the  full  40  m  depth  was  reached.  The  vertical  strain 
seismometer  will  be  mr  nted  in  a  39-1/2  ft  hole  -  16  ft  up  and  23-1/2  ft  down.  The 
mine  has  been  inspected  and  approved  by  the  Office  of  the  State  Mine  Inspector.  All 
personnel  assigned  to  the  project  assisted  in  the  installation  of  the  instruments 
which  was  completed  in  February.  Preliminary  recordings  have  led  to  several  con¬ 
clusions.  The  mine  must  be  sealed  to  attenuate  effects  of  air  pressure  fluctuations. 

e  strain  seismometers  must  be  insulated  to  achieve  optimum  performance.  A  "curing 
time"  of  some  duration  is  necessary  for  extreme  high-magnification  operation.  Spuri¬ 
ous  disturbances  resulting  from  disturbance  of  the  mine  during  mine  modifications  and 
installation  are  decreasing  with  time.  The  noise  background  on  the  preliminary 
recordings  is  not  electronic  instrument  noise.  The  strain  seismographs  respond  well 
to  earthquake  signals. 
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